Previous studies using an in vitro model of eyeblink classical conditioning in turtles suggest that increased numbers of synaptic AMPARs supports the acquisition and expression of conditioned responses (CRs). Brain-derived neurotrophic factor (BDNF) and its associated receptor tyrosine kinase, TrkB, is also required for acquisition of CRs. Bath application of BDNF alone induces synaptic delivery of GluR1-and GluR4-containing AMPARs that is blocked by coapplication of the receptor tyrosine kinase inhibitor K252a. The molecular mechanisms involved in BDNF-induced AMPAR trafficking remain largely unknown. The aim of this study was to determine whether BDNF-induced synaptic AMPAR incorporation utilizes similar cellular mechanisms as AMPAR trafficking that occurs during in vitro classical conditioning. Using pharmacological blockade and confocal imaging, the results show that synaptic delivery of GluR1 subunits during conditioning or BDNF application does not require activity of NMDARs but is mediated by extracellular signal-regulated kinase (ERK). In contrast, synaptic delivery of GluR4-containing AMPARs during both conditioning and BDNF application is NMDAR-as well as ERK-dependent. These findings indicate that BDNF application mimics AMPAR trafficking observed during conditioning by activation of some of the same intracellular signaling pathways and suggest that BDNF is a key signal transduction element in postsynaptic events that mediate conditioning.
Introduction
Previous studies using an in vitro model of eyeblink classical conditioning in turtles suggest that increased numbers of synaptic AMPARs supports the acquisition and expression of conditioned responses (CRs) recorded in the abducens nerve (Keifer, 2001; Mokin & Keifer, 2004; Mokin, Lindahl, & Keifer, 2006; Mokin, Zheng, & Keifer, 2007) . In this system, in place of tone and airpuff stimuli normally used in behaving animals, weak electrical stimulation of the auditory nerve (the ''tone" conditioned stimulus; CS) is paired with strong stimulation of the trigeminal nerve (the ''airpuff" unconditioned stimulus; US) and results in a neural correlate of conditioned eyeblink responses recorded from the abducens nerve which controls blinking in this species (Keifer, 2003) . Based on several lines of evidence, conditioning is associated with the synaptic insertion of GluR1-and GluR4-containing AMPARs in abducens motor neurons. Within a few minutes after the onset of paired conditioning stimuli, GluR1-containing AMPARs are trafficked to synapses in order to unsilence them (Mokin et al., 2007) . This is followed by the NMDAR-dependent synthesis and synaptic delivery of GluR4-containing AMPARs that is associated with the acquisition of CRs (Keifer, 2001; Mokin & Keifer, 2004; Mokin et al., 2006 Mokin et al., , 2007 . Conditioning is generated by the mitogen-activated protein kinase (MAPK)-mediated signaling pathways (Keifer, Zheng, & Zhu, 2007) . Synaptic incorporation of GluR1 and GluR4 subunits is accomplished by extracellular signal-regulated kinase (ERK) which is activated in the early phase of conditioning during CR acquisition. Recent studies further suggest that protein kinase C (PKC) regulates GluR4 subunit insertion, but not GluR1 subunits (Zheng & Keifer, 2008) . Conditioning-related AMPAR trafficking, particularly of GluR4, also involves interactions with the immediate-early gene-encoded protein Arc and the actin cytoskeleton (Keifer, Zheng, & Mokin, 2008; Mokin et al., 2006) .
Recently (Li & Keifer, 2008) , we determined that brain-derived neurotrophic factor (BDNF) and its associated receptor tyrosine kinase, TrkB, was required for in vitro classical conditioning. Neurotrophic factors generally enhance the survival, growth, and function of neurons. Not only are these involved in cellular proliferation and growth, but they have more recently been implicated in mechanisms of synaptic plasticity (Lu, Pang, & Woo, 2005) . For example, hippocampal long-term potentiation (LTP) is impaired when BDNF or TkB function is suppressed by gene knockdown or antibody application (Chen, Kolbeck, Barde, Bonhoeffer, & Kossel, 1999; Xu et al., 2000; Zakharenko et al., 2003) . Importantly, the deficits in LTP resulting from BDNF knockdown could be rescued by addition of recombinant BDNF to the medium (Patterson et al., 1996) or adenovirus-mediated BDNF overexpression (Korte
